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Nuclear Physics

Discovering, exploring, and understanding all forms of nuclear

matter

AUnderstanding why matter takes on the specific forms observed in nature and how that knowledge
benefit energy, commerce, medicine, and national security, by discovering:

o

Howmassis createdfrom energyin the interior of the proton usingthe future Electrorrlon Collider?
Whatarethe propertiesof the novelquarkgluonplasmadiscoveredat RHIC?
Whatis the mechanisnmunderlyingthe confinementof quarksandgluonsvia CEBABNdRHIC?

Thesearchfor new exoticparticlesandanomalousviolationsof y | (i dgidn@tiiesat CEBAF

Thelimits of nuclearexistence'Howare heavyelementsmadein the cosmosvia FRIBand ATLAS?
Isthe neutrinoits own anti-particle? Dothe y” S dz{i NBciseprdpertiespointto new physics?
Thenature of the strongforce in many-bodysystemsvia SCIDAC

Advanced\uclearDatafor SpaceEnergyandResearch




Budget Matters
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Nuclear Physics i FY 2022 Highlights
Discovering, exploring, and understanding all forms of nuclear

Operations matter
A The Request supports operations of the NP scientific user facilities to enableclastdscience

A RHIC operates at 90 percent optimal utilizatiamd installsPHENI¥ study the Quark
Gluon Plasma.

A CEBAF operates at 90 percent of optimal utilizati@mabling highest priority 12 GeV
experiments and critical maintenance activities and cryomodule refurbishments.

A ATLAS operates at 93 percent of optimal utilizatitmenable the most compelling
experiments in nuclear structure and astrophysics and invests in-oséti capabilities to
increase utilization of the facility.

A FRIBransitions from a construction project to a scientific user facility apdrates at 100%
of optimal utilizationto support research, beam studies and commissioning.

Projects
A The Request also supports compelling major scientific investments:

A Completion of thesuper Pioneering High Energy Nuclear Interact@Xperiment(SPHENIX
MIE (2 FdzZNOKSN wl L/ Q& & QatSef prdddctio® Y A &4 &4 A 2

A Continuation of theGammaRay Energy Tracking Array (GRETA), MiEnable provision of
advanced, high resolution gamma ray detection capabilities for FRIB.




Nuclear Physics T FY 2022 Highlights (cont.)
Discovering, exploring, and understanding all forms of nuclear matter

Projects (cont.)
A Continuation of theMeasurement of a LeptofLepton Electroweak Reaction

(MOLLER) MI#® measure the parityviolating asymmetry in polarized electron
electron scattering with the 12 GeV CEBAF.

A Continuation of theTon-scaleNeutrinolessDouble Beta Decay MI® determine
whether the neutrino is its own antiparticle.

A Continuation of theHigh Rigidity Spectrometer (HR®@search project at FRIB
maximize the rate of rare neutrench nuclei of central importance for
understanding the synthesis of heavy elements in cosmic events.

A The DOE Isotope Program is embedded in the Nuclear Physics budget in FY 2(
Enacted but is broken out as a Program separate from NP in the FY 2022 Req

A TheElectron lon Collider (EICf critical importance to maintain worltkadership in
nuclear physics and accelerator science, receives its third year of OPC and TEC(
funding. OPC funding supports conceptual design efforts and R&D, while the TE
funding supports design efforts, long lead procurements and Project Engineerin
Design (PED) activities.




Nuclear Physicg FY 2022 Highlights (cont.)
Discovering, exploring, and understanding all forms of nuclear matter

Research

AFunding is strengthened at national labs and universities conducting research in
relativistic nuclear collisions, hadron physics, nuclear structure and nuclear
astrophysics, fundamental symmetries and nuclear theory.

ANP participates in six crosscutting scientific initiatives:
AAccelerator Science and Technology Initiative i strengthening U.S. supply chain
robustness to steward key technologies suclelastron ion source developments and
advanced approaches in SRF technology

AArtificial Intelligence and Machine Learning i R&D forautomated optimization of
accelerator performance and operation as well as algorithm development forateibytics
driven discovery.

Alntegrated Computational & Data Infrastructure i Crosscutting cloud solutions to Big
Data storage challenges in Nuclear Physics

AMicroelectronics i R&D ondetector materials, devices, advances in fremd electronics,
and integrated sensor/processor architectures

AQuantum Information Science i leveraging discovery opportunities in sensing,
simulation, and computing at the intersections of nuclear physics and QIS

AReaching a New Energy Sciences Workforce (RENEW) - advancing a diverse,
equitable, and inclusive research community
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Relative to FY 2021 Enacted

FY 2021 Enacted FY 2022 Presidentods R

Core research in Medium Energy, Heavy lons, and
Theory is increased by 12% from FY21 Enacted.
Core Research reduced 3.75% from FY20 (After accounting for COL, this represents a ~10%
Enacted (including COL, this is a 5.6% cut from [increase over FY21 Enacted,.)
constant effort in FY20). New ECA awards are
made. The Fundamental Symmetries and Nuclear Structure
Nuclear Astrophysicportfolios are increased by 15%
over FY21 Enacted.

LHC M&O commitments are met. LHC M&O commitments are met.
FRIB Research flat with FY2020 and below FRIB Research is increased, but still below the
the planned level. planned level.

NEDM supported significantly below planned profile,
possibly impacting schedule.
SciDAC funding is increased to support SciDAC-5

NEDM supported below planned profile.

SciDAC commitment are met.

(+$600k).
Nuclear Data slightly increased over FY20 Nuclear Data increased $3.5M from FY21 Enacted
Enacted. to support the expansion of experimental efforts.
Accelerator R&D subject to the 3.75% research Accelerator R&D increased ~$1M over FY21
reduction. Enacted level.
QIS at $9.5M. QIS increased to $10.5M.

AI/ML Initiative support flat with FY21 Enacted

NP ML/AI Initiative begins with $4M. ($4M).
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Relative to FY 2021 Enacted

FY 2021 Enacted

Facility operations funding reduced by 3.75%.
- RHIC operates 24 weeks (100 % maximum)

- CEBAF operates 7 weeks (41 % maximum)

- ATLAS operates 39 weeks (93 % optimal)

FRIB operations supported at $50M.

FRIB construction at baselined $5.3M in final funding
year.

EIC construction at TEC of $5M and OPC of $24.65M
Major Items of Equipment:

- GRETA reduced below planned levels ($6.6M)
sPHENIX at planned baseline level ($5.53M)
MOLLER at $5M TEC

TSNLDBD at $1.4M TEC

HRSat $3M TEC

Isotope Program embedded within NP budget

FY 2022 Presidentds

Four new initiatives are supported:

A Reaching a New Energy Sciences Workforce
(RENEW) - $3M

A Accelerator Science and Technology - $2M

A

Integrated Computational & Data Infrastructure -
A

$1IM
Microelectronics - $500k

Facilities operations supported at >90% of optimal.

- RHIC operates 18 weeks (90 % maximum)

- CEBAF operates 31 weeks (90 % optimal)

- ATLAS operates 39 weeks (93 % optimal)

- FRIB operates 12 weeks (100% of optimal)

FRIB Operations increased, but still slightly below

planned levels ($77M in PR vs $82M planned)

EIC construction at TEC of $20M and OPC of $10M
Ongoing Major Item of Equipment:

- GRETA below planned levels ($6.6M)

SPHENIX at baseline level ($0.2M)

MOLLER at $7M TEC

TSNLDBD at $1.44M TEC

HRSt $3M TEC

Isotope Program no longer embedded within NP budget
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(Dollars in thousands)

FY 2019 FY 2020 FY 2021 FY 2022 FY 2022 Request FY 2022 Request
Vs ]
Enacted Enacted Enacted Request FY 2021 Enacted FY 2020 Enacted

Nuclear Physics
Medium Energy, Research 66,800 65,479 41,110 54,083 12,973 31.56% -11,396 -17.40%
Medium Energy, Operations 117,390 122 110 117,201 142,709 25,508 21.76% 20,599 16.87%

Medium Energy Physics 184,190 187,589 158,311 196,792 38,481 24. 3% 9,203 4.91%
Heavy lon, Research 37,354 37,661 36,313 45,059 11,746 32.35% 10,398 2T E1%
Heavy lon, Operations 187 465 187,131 181,625 183,943 2,318 128% -3,188 -1.70%
Heavy lon, Projects 5,660 19,520 30180 10,213 -19 967 -66.16% -9.307 -47 B&%

Heavy lon Physics 230,479 244,312 248,118 242,215 -5,003 -2.38% -2,097 -0.86%
Theory, Research 55,327 51,862 61,129 60,781 -348 -0.57% 8,919 1720%

Muclear Theory 55,327 51,882 61,129 60,784 -348 A0.67% 8,919 17.20%
Low Energy, Research 63,690 60,398 61,763 74,341 12,578 20.36% 13,943 23.09%
Low Energy, Operations 30,215 55,739 79,379 107,831 28,452 35.84% 52,092 093 45%
Low Energy, Projects 6,840 10,600 16,000 18,040 2,040 1275% 7,440 70.19%

Low Energy Physics 100,745 126,737 157,142 200,212 43,070 2T41% 73,475 57.97%
Isotopes Operations 22 451 34 400 36,340 -36,340 -100.00% -34, 400 -100.00%
lsotope - Research 9,808 11,500 26,660 -26,660 -100.00% -11,500 -100.00%
Isotopes, Projects 12,000 3,600 3,000 -3,000 -100.00% -3,5600 -100.00%

Isotope Production and Applications 44,259 49,500 66,000 -66,000 -100.00% 49,500 -100.00%

Program Subtotal 615,000 660,000 690,700 700,000 9,300 1.35% 40,000 6.06%

14-SC-50 Facility for Rare lsotope Beams FRIB 75,000 40,000 5,300 -5,300 -100.00% 40,000 -100.00%

20-SC-51 Stable Isotope Production and Research Center SIPRC,

ORMNL 12,000 12,000 -12,000 -100.00% 12,000 -100.00%

20-5C-52 Electron lon Collider EIC, BNL - 1,000 5,000 2000, 15,000 300.00% 19,000) 1,900.00%
Construction Subtotal 75,000 53,000 22,300 / 20,000 \ -2,300 -10.31% -33,000 -62.26%

Total Nuclear Physics 650,000 713,000 713,000 ‘ 720,000 ) 7,000 0.98% 7,000 0.98%

Total, NP FY24 FY20 651,500 635,000 -16,500

FY21 NP Appropriatior 713,000 713,000

FY 22 House Mark $665
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General Outlook

A The budget uncertainty continues.

A We need to stay focused and continue to deliver
Important outcomes for the nation.

A Delivering exciting discoveries, important scientific
knowledge, technological advances, and workforce
training Is what we do.

A We need to keep up the good work!
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The 2015 Long Range Plan for Nuclear Science

Recommendations:

1. Capitalize on investments made to
maintain U.S. leadership in nuclear
science.

2. Develop and deploy a U-&d ton-scale
neutrino-less double beta decay
experiment. v

3. Construct a higlenergy high
luminosity polarized electrofon

collider (EIC) as the highest priorityJ

new construction following the
completion of FRIB.

LONG RANGE PLAN

4. Increase investment in smaltale and for NUCLEAR SCIENCE
mid-scale projects and initiatives they

enable forefront research at
universities and laboratories.

NP continues to execute on the 2015 LRP Vision
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ENERGY Science NSAC Meeting July 19 2021 1




Upcoming Decisions

Three FrordiRunner Technologies
A Scintillating bolometryCUPID®Mo enriched LMo, crystals)

A Enriched®Ge crystalslEGENROOQ, drifted charge, point
contact detectors )

A Liquid Xenon TP@EXQ light via APD, drifted ionization)

Background constraints are exceptionally challengirdigcount/ton
of material/year

Also, there are three possible sites
A SURF (SD)

A SnolLal{Canada)

A GranSassdltaly)

ENE&G:Y ggfsc‘;f NSAC Meeting July 19 2021 s




On b Brogression

A Ongoing interactions with potential international collaborators to
Introduce U.S. perspectives, hear European perspectives, and st
a global approach to investment in DBD science

A DBD Portfolio Review was held JulylB3 2021 to inform U.S.
Investment strategy. Instructions published by April 15, 2021.

A North Americarg European Summit will be held September 29 to
October 1, 2021 to see if common ground exists for an internatior
approach to DBD investment

A Funding for torscale @ b is going to be challenging
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The Fourth, Newest Microscope: Facility for Rare Isotope Beams (FRIB

AFRIB issued a call for proposals to its
1500 member user group.

A 82 proposals received from 130 |
Institutions in 30 countries requesting | ¥}
9,784 hours of beam time A

A FRIB Program Advisory Committee [ __e==
Meeting held in May 2021.

User Facilities

A First science in

Nuclear Astrophysics Research
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Office of Scienc
User Facilities

OLCF ESnet
NERSC SSRL
TMF
LCLS NSLS-II
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